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I. Executive Summary

The Stockpile Stewardship Program (SSP) is a single, highly integrated technical
program for maintaining the safety and reliability of the U.S. nuclear stockpile. The SSP
uses past nuclear test data along with current and future nonnuclear test data,
computational modeling and simulation, and experimental facilities to advance
understanding of nuclear weapons. It includes stockpile surveillance, experimental
research, development and engineering programs, and an appropriately scaled
production capability to support stockpile requirements. This integrated national
program will require the continued use of current facilities and programs along with
new experimental facilities and computational enhancements to support these
programs.

The Advanced Simulation and Computing Program (ASC)1 is a cornerstone of the SSP,
providing simulation capabilities and computational resources to support the annual
stockpile assessment and certification, to study advanced nuclear-weapons design and
manufacturing processes, to analyze accident scenarios and weapons aging, and to
provide the tools to enable Stockpile Life Extension Programs (SLEPs) and the resolution
of Significant Finding Investigations (SFIs). This requires a balanced resource, including
technical staff, hardware, simulation software, and computer science solutions.

In its first decade, the ASC strategy focused on demonstrating simulation capabilities of
unprecedented scale in three spatial dimensions. In its second decade, ASC is focused on
increasing its predictive capabilities in a three-dimensional simulation environment
while maintaining the support to the SSP. The program continues to improve its unique
tools for solving progressively more difficult stockpile problems (focused on sufficient
resolution, dimensionality and scientific details); to quantify critical margins and
uncertainties (QMU); and to resolve increasingly difficult analyses needed for the SSP.
Moreover, ASC has restructured its business model from one that was very successful in
delivering an initial capability to one that is integrated and focused on requirements-
driven products that address long-standing technical questions related to enhanced
predictive capability in the simulation tools.

ASC must continue to meet three objectives:

* Objective 1. Robust Tools. Develop robust models, codes, and computational
techniques to support stockpile needs such as refurbishments, SFIs, LEPs, annual
assessments, and evolving future requirements.

* Objective 2. Prediction through Simulation. Deliver validated physics and
engineering tools to enable simulations of nuclear-weapons performances in a
variety of operational environments and physical regimes and to enable risk-
informed decisions about the performance, safety, and reliability of the stockpile.

* Objective 3. Balanced Operational Infrastructure. Implement a balanced computing
platform acquisition strategy and operational infrastructure to meet Directed
Stockpile Work (DSW) and SSP needs for capacity and high-end simulation
capabilities.

'In FY02 the Advanced Simulation and Computing (ASC) Program evolved from the Accelerated
Strategic Computing Initiative (ASCI).
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Il. Introduction

The ASC Program supports the National Nuclear Security Administration’s (NNSA’s)
long-term strategic goal of Nuclear Weapons Stewardship: “ensure that our nuclear
weapons continue to serve their essential deterrence role by maintaining and enhancing the
safety, security, and reliability of the U.S. nuclear weapons stockpile.””

In 1996, ASCI—the Accelerated Strategic Computing Initiative—was established as an
essential element of the SSP to provide nuclear weapons simulation and modeling
capabilities.

In 2000, the NNSA was established in 2000 to carry out the national security
responsibilities of the Department of Energy, including maintenance of a safe, secure,
and reliable stockpile of nuclear weapons and associated materials capabilities and
technologies.

Shortly thereafter, in 2002, ASCI matured from an initiative to a recognized program
and was renamed the Advanced Simulation and Computing (ASC) Program.

Prior to the start of the nuclear testing moratorium in October 1992, the nuclear weapons
stockpile was maintained through (1) underground nuclear testing and surveillance
activities and (2) “modernization” (i.e., development of new weapons systems). A
consequence of the nuclear test ban is that the safety, performance, and reliability of U.S.
nuclear weapons must be ensured by other means for systems far beyond the lifetimes
originally envisioned when the weapons were designed.

NNSA will carry out its responsibilities through the 21st century in accordance with the
current Administration’s vision and the Nuclear Posture Review (NPR) guidance.
NNSA Administrator Ambassador Brooks summarized® the NNSA objectives for SSP as
follows:

“We will continue to lead the way to a safer world through the deep reductions in
nuclear forces codified by the Moscow Treaty, through Nunn-Lugar and other
cooperative threat reduction efforts, and through other actions. At the same time,
although conventional forces will assume a larger share of the deterrent role, we
will maintain an effective, reliable, and capable—though smaller—nuclear force
as a hedge against a future that is uncertain and in a world in which substantial
nuclear arsenals remain. Our ongoing efforts to reduce the current stockpile to
the minimum consistent with national security requirements, to address options
for transformation of this smaller stockpile, and to create a responsive nuclear
weapons infrastructure are key elements of the Administration’s national security
strategy...”

A truly responsive infrastructure will allow us to address and resolve any stockpile

problems uncovered in our surveillance program; to adapt weapons (achieve a
capability to modify or repackage existing warheads within 18 months of a decision to

> NNSA Strategic Plan, page 8.

? Speech presented to the Heritage Foundation Conference: U.S. Strategic Command: Beyond the War on
Terrorism, May 12, 2004.
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enter engineering development); to be able to design, develop, and initially produce a
new warhead within three to four years of a decision to do so;* to restore production
capacity to produce new warheads in sufficient quantities to meet any defense needs
that arise without disrupting ongoing refurbishments; to ensure that services such as
warhead transportation, tritium support, and other ongoing support efforts are capable
of being carried out on a time scale consistent with the Department of Defense’s ability
to deploy weapons; and to improve test readiness (an 18-month test readiness posture)
in order to be able to diagnose a problem and design a test that could confirm the
problem or certify the solution (without assuming any resumption of nuclear testing).

Additionally, the NPR guidance has directed that NNSA maintain a research and
development and manufacturing base that ensures the long-term effectiveness of the
nation’s stockpile and begin a modest effort to examine concepts (for example,
Advanced Concepts Initiatives, including the Robust Nuclear Earth Penetrator) that
could be deployed to further enhance the deterrent capabilities of the stockpile in
response to the national security challenges of the 21st century.

The ASC Program plays a vital role in the NNSA infrastructure and its ability to respond
to the NPR guidance. The program focuses on development of modern simulation tools
that can provide insights into stockpile problems, provide tools with which designers
and analysts can certify nuclear weapons, and guide any necessary modifications in
nuclear warheads and the underpinning manufacturing processes. Additionally, ASC is
enhancing the predictive capability necessary to evaluate weapons effects, design
experiments, and ensure test readiness.

ASC continues to improve its unique tools to solve progressively more difficult stockpile
problems, with a focus on sufficient resolution, dimensionality, and scientific details, to
quantify critical margins and uncertainties (QMU), to resolve the increasingly difficult
analyses needed for stockpile stewardship. The DSW provides requirements for
simulation, including planned SLEPs, stockpile support activities that may be ongoing
or require short-term urgent response, and requirements for future capabilities to meet
longer-term stockpile needs. Thus, ASC’s advancing leading-edge technology in high-
performance computing and predictive simulation meets these short- and long-term
needs, including the annual assessments and certifications and SFIs. The following
section lists past, present, and planned ASC contributions to meet these needs.

ASC Contributions to the Stockpile Stewardship Program

In FY96, ASCI Red was delivered. Red, the world’s first teraflops supercomputer, has
since been upgraded to more than 3 teraflops.

In FY98, ASCI Blue Pacific and ASCI Blue Mountain were delivered. These platforms
were the first 3-teraops systems in the world.

In FY00, ASCI successfully demonstrated the first-ever three dimensional (3D)
simulation of a nuclear weapon primary explosion and the visualization capability to
analyze the results; ASCI successfully demonstrated the first-ever 3D hostile-
environment simulation; and ASCI accepted delivery of ASCI White, a 12.3-teraops
supercomputer.

In FY01, ASCI successfully demonstrated simulation of a 3D nuclear weapon secondary
explosion; ASCI delivered a fully functional Problem Solving Environment for ASCI

* While there are no plans to develop new weapons, gaining the capability is an important
prerequisite to deep reductions in the nuclear stockpile.
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White; ASCI demonstrated high-bandwidth distance computing between the three
national laboratories; and ASCI demonstrated the initial validation methodology for
early primary behavior. Lastly, ASCI completed the 3D analysis for a stockpile-to-target
sequence (STS) for normal environments.

In FY02, ASCI demonstrated 3D system simulation of a full-system (primary and
secondary) thermonuclear weapon explosion, and ASCI completed the 3D analysis for
an STS abnormal-environment crash-and-burn accident involving a nuclear weapon.

In FY03, ASCI delivered a nuclear safety simulation of a complex, abnormal, explosive
initiation scenario; ASCI demonstrated the capability of computing electrical responses
of a weapons system in a hostile (nuclear) environment; and ASCI delivered an
operational 20-teraops platform on the ASCI Q machine.

In FY04, ASC provided simulation codes with focused model validation to support the
annual certification of the stockpile and to assess manufacturing options. ASC
supported the life-extension refurbishments of the W76 and W80, in addition to the W88
pit certification. In addition, ASC provided the simulation capabilities to design various
nonnuclear experiments and diagnostics.

In FY05, ASC identified and documented SSP requirements to move beyond a 100-
teraops computing platform to a petaflops-class system; ASC delivered a metallurgical
structural model for aging to support pit-lifetime estimations, including spiked-
plutonium alloy. In addition, ASC provided the necessary simulation codes to support
test readiness as part of NNSA’s national priorities.

By FY06, ASC will deliver the capability to perform nuclear performance simulations
and engineering simulations related to the W76 /W80 LEPs to assess performance over
relevant operational ranges, with assessments of uncertainty levels for selected sets of
simulations. The deliverables of this milestone will be demonstrated through 2D and 3D
physics and engineering simulations. The engineering simulations will analyze system
behavior in abnormal thermal environments and mechanical response of systems to
hostile blasts. Additionally, confidence measures and methods for uncertainty
quantification will be developed to support weapons certification and QMU Level 1
milestones.

By FY07, ASC will support the completion of the W76-1 and W88 warhead certification,
using quantified design margins and uncertainties; ASC will also provide a robust 100-
teraOPS-platform production environment supporting DSW and Campaign simulation
requirements. In addition, a high-capability platform will be sited at Los Alamos
National Laboratory (LANL).

By FY08, ASC will deliver the codes for experiment and diagnostic design to support the
CD-4 approval on the National Ignition Facility (NIF).

By FY09, a modern baseline of all enduring stockpile systems, using ASC codes, will be
completed.

In FY10 and beyond, ASC will continue to deliver codes for experiment and diagnostic
design to support the indirect-drive ignition experiments on the NIF.

The New National Work Breakdown Structure

ASC’s program structure is based on the new national work breakdown structure
(nWBS), described in the ASC Business Model (NA-ASC-104R-05-Vol.1-Rev.5).
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Sub-Programs

As the chart visualizes, ASC is divided into five sub-programs:
* Integrated Codes

* Physics and Engineering Models

* Verification and Validation

* Computational Systems and Software Environment

* Facility Operations and User Support

The first three sub-programs focus on improved models in the modern codes, delivery
of validated tools, and response to SSP issues (for example, SFIs, LEPs, annual
assessments). Key drivers are to improve the confidence in prediction through
simulations; to calculate, measure, and understand the uncertainty in the predictions;
and to ensure rapid delivery of simulation capabilities to the SSP.

The fourth sub-program, Computational Systems and Software Environment, ensures
the creation of a computing environment needed for all ASC-deployed platforms:
capability, capacity, and advanced systems.” Not only is this sub-program responsible
for related research and technology development, but it is also responsible for planning,
procurement, and quality control activities.

The fifth, and last, sub-program, Facility Operations and User Support, provides
operational support for production computing and storage; user support services, and
collaborative research opportunities with educational institutions, as well as,
programmatic support across the ASC program.

> The ASC Program is in transition for current platforms. Future platforms will follow the Capital
Acquisition Management process identified in the NA-10 Program Management Manual.
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Product Deliverables

The Product deliverables are described at level 4 and span the full-scope of the program
in the context of the nWBS. They describe what the Laboratories expect to provide to a
given Product as a result of their activities.

Deliverables can, but do not necessarily, contribute to level 2 milestones chosen in a
given fiscal year. Deliverables that do directly contribute to level 2 milestones for the
fiscal year will be reviewed in the context of level 2 milestone reviews.
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lll. Accomplishments for FY04-FY05

ASC accomplishments from Quarter 4, fiscal year 2004 through quarter 3, fiscal year
2005, are reflected below for the newly named Computational Systems and Software
Environment and Facility Operations and User Support sub-programs.

HQ is pleased to highlight the outstanding achievements of the Defense Program
Contractors.

Computational Systems and Software Environment
LLNL Accomplishments for Computational Systems and Software Environment

At LLNL, the major Computational Systems and Software Environment (CSSE)
accomplishments related to L2 milestones are:

* The ASC Purple hardware has arrived in stages, with test systems, followed by the
108-node unclassified uP system initially testing in June, the 1280-node classified
section also installed in June, and the final full set of hardware scheduled for
September. Associated with the various parts of Purple, there have been system
workload tests for acceptance tests, environment testing, file system testing, and a
port of the LCRM /SLURM resource management software to AIX for Purple. IBM
and LLNL completed an important Purple contract milestone on time at
Poughkeepsie, NY this June. This was a critical demonstration of Purple’s
capabilities.

* The ASC BlueGene /L hardware has arrived in stages, with a quarter-size system
deployed and tested, followed by the installation and operation of a half-sized
system which is formally recognized as number one on the Top 500 list of systems.
At the end of FY05, the full BlueGene /L system should be installed and in test status.
The LLNL SLURM and LCRM resource management software packages have also
been ported to BlueGene /L. Work on the Lustre file system for BlueGene /L, as well
as other scaling, performance, and functionality testing for both system software and
applications has been an ongoing FY05 activity. Input/output (I/O) libraries and
other tools have been ported and tested.

* The Lustre file system has been the target of development and testing with work to
bring it into production status on multiple systems: initially BlueGene /L and the
ALC cluster have been deployed as the base of the site-wide file system and other
unclassified systems are being added and performance testing will proceed. The
performance of the connection to the high-performance storage system (HPSS) has
been demonstrated and a multi-cluster Lustre security has been implemented and
approved for use on the classified system.

Other accomplishments include the release of HPSS R6.2, which eliminates the need for
distributed computing environment (DCE) software and is a major refresh of other
components of the infrastructure. Application performance tuning has continued and a
database for tracking performance has been deployed. Pre-and Post-Processing
Environment accomplishments in FY05 include: completion of unclassified and
classified visualization theater and development-lab collaboration areas in Building 453,
the Terascale Simulation Facility (TSF), expansion of our production Linux visualization
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cluster operation including a new cluster (Sphere), two additional small machines (Klein
and Vertex) to drive the TSF classified Powerwall and to explore prototype technologies,
procurement of a new, large 256-node visualization cluster to directly support
BlueGene/L data analysis needs (expected to be delivered and installed in late
September), production release of the Hopper utility featuring powerful search and
view capabilities with Windows compatibility, and development of new data
management techniques to analyze fluid mix problems, including comparison of
simulation to experiments for Richtmyer-Meshkov instabilities and bubble / spike
dynamics in Rayleigh-Taylor simulations.

LANL Accomplishments for Computational Systems and Software Environment

The Eclipse Parallel Tools Platform Project is accepted as an official Eclipse foundation
project. The project is aimed at providing a high productivity user environment and an
integration environment for source code tools.

Prototype Fortran Language support released for the Eclipse IDE. This includes early
implementations of prototype Fortran language bindings and a prototype parallel
execution environment.

Tutorial on “Performance modeling of large-scale systems and applications” given at the
HPCA-11.

Tutorial on “Taking Your MPI [Message Passing Interface] Application To The Next
Level” given as Supercomputing 2004.

Organized workshop on “Performance Hardware Design and Functionality” at HPCS-
11.

The RADIANT team’s Dynamic Right-Sizing technique which enables faster wide-area
network transfer and performance is integrated into the Linux kernel (Linux 2.6.x).

A book on ParaView visualization tools is published with chapters co-authored by
LANL researchers, Jim Ahrens and Patrick McCormick. These are titled, “Large-Scale
Data Visualization and Rendering: A Problem Driven Approach” and “ParaView: An
End-User Tool for Large Data Visualization.” ParaView is the result of a collaboration,
led by Jim Ahrens, that includes LANL, SNL, ANL, and Kitware, Inc.

The state of the art CAVE immersive visualization facility, which provides 3D
immersive visualization analysis capabilities, moves into production status. This facility
provides never before available ways to interact with the data displayed, aiding greatly
in recognizing data set features, and improving analysis capabilities.

The OpenlIB Alliance is formed. The consortium is developing an Open Source
implementation of the InfiniBand networking stack, which is being supported by the
InfiniBand hardware vendors. InfiniBand is a commodity network implementation that
appears to be a good candidate to meet a portion of ASC’s future high performance
networking needs.

The OpenlB software stack is accepted into the official Linux kernel distribution.

For the first time we have shown two sizeable supercomputer clusters which are of
different architectures both having scalable simultaneous access to a Scalable Global
Parallel File System (GPFS) via a first generation deployment of our Parallel Scalable
Back Bone concept (PaScalBB). This is a first for both the Scalable GPFS and PaScalBB
projects. A great accomplishment that has taken over five years from inception to reality.
This ushers in a new era where multiple heterogeneous supercomputer users will have
scalable access to a common GPFS.
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The parallel network file system (NFS) project within the NFS version 4 vendor and
academic community demonstrated the first working prototype of parallel NFS. The
idea for this effort was born at Los Alamos over three years ago. This is the first step in
allowing the NFSv4 file system client to have first class (native) access to our scalable
GPFESs. The parallel NFS effort entered the IETF standards body about 6 months ago,
due to diligent management by the tri-lab.

The NFSv4 project showed the first standards based secure NFS functionality using a
third party authentication like Kerberos in the multi site setting. So in the future when
this is deployed it will replace the existing tri-lab DFS complex and enable multi-site
secure sharing of data with find grained access control.

We have shown the first 32 and 64 bit GPFS clients based on the Secure Object Device
model (ANSI T10 1355-D), which allows for highly scalable and secure file system
bandwidth.

Coordinator the Lustre file system development project which this year was nominated
for an R&D 100 award for innovative file system technology.

HPSS development continues to work towards DCE replacement in the HPSS product.
The new HPSS version 6.2 is due out towards the end of this fiscal year. DCE end-of-
service is scheduled for Apr 06 and a replacement is necessary for HPSS production
capabilities of a 3-petabyte archive to continue.

LANL'’s first self-integrated capacity Linux platform, Lightning, moves into production
status. This includes the LANL developed software, Science Appliance and LA-MPI
designed for the special needs of high performance computing (HPC). This also includes
the GPFS software from Panasas.

Initial release of Open MPL. This is a collaborative effort to develop a state-of-the-art MPI
implementation aimed as addressing both performance and reliability issues of large-
scale HPC platform environments. This is a collaborative effort conceived and led by
LANL, which also includes participation by Indiana University (LAM/MPI), The
University of Tennessee (FT-MPI), the HPC Center (HLRS) at the University of Stuttgart,
SNL, and a variety of other contributors.

The development of the distributed memory version of the EnSight client for a rendering
cluster was completed by Computational Engineering International working under a
subcontract from LANL. This cluster version of EnSight is essential to the FY06
deployment of the ViewMaster rendering cluster which is designed replace three of
LANL's older SGI O2K rendering platforms with new commodity-based cluster
hardware.

SNL Accomplishments for Computational Systems and Software Environment

In FY05 Sandia met an ASC level 2 milestone by standing up the Red Storm
supercomputer and providing for initial operations. Red Storm is an original design
massively parallel processor supercomputer consisting of approximately 10 K
commodity processors interconnected into a custom engineered modular platform.
Cray, Inc. is responsible under contract to Sandia National Laboratories for the
development and manufacture of Red Storm. Initial operation of all Red Storm
hardware was demonstrated at Sandia by providing functionality needed for early
testing of applications codes. We have run the 7X acceptance suite and document the
results. This milestone was delayed (from 4QFY04 to 2QFY05) due to design and
manufacturing difficulties, but the scope of the milestone was expanded from the
original to include running the 7X applications at sufficient scale and duration to
minimize risk and accelerate initial user access to Red Storm. This additional risk
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mitigation goal added success potential and experience (with the 7X applications) to our
effort. LANL users will gain early access to the machine.

In FYO05 this product area provided the Sandia’s ASC program with critical technical
capabilities to staff the Red Storm Risk Mitigation effort. In response to the time
criticality of Red Storm, Sandia started the Red Storm Risk Mitigation project with
efforts in three key areas: Portals enhancements, PVFS-based parallel I/O capability, and
MPI application scaling efforts. These risk mitigation efforts provided Sandia with a
much better understanding of the remaining issues and provided the foundation to meet
or exceed our projected application scaling by the 2QFY05 due date for this milestone.
Continuing Risk Mitigation efforts are directed towards providing LANL with early
access to Red Storm for their W76 milestone and meeting the requirements for the
remaining three 4QFY05 Red Storm milestones.

Facility Operations and User Support
LLNL Accomplishments for Facility Operations and User Support

The TSF is a new computing facility that was brought into production in FY05.
Completion of this milestone was declared on May 23, 2005, a full four months ahead of
schedule. This world-class facility has 48,000 square feet of computer floor that is clear
span, no air handlers or columns. This allows maximum flexibility for siting large
computer systems. The TSF is operating as a fully functioning classified computer
center. Over 200 staff was moved into the office tower attached to the building. All
system moves into the West and East computer rooms have been accomplished. All
accomplished with no safety or security incidents.

Other major accomplishments during the fiscal year have been the siting of the initial
deliveries of both Purple and BlueGene /L platforms. By the end of FY05, the hardware
for both of these systems should be complete on the floor of the TSF. This effort has
involved all parts of the subprogram—with facilities deployment, system
administration, security plans, networking, and establishment of user support and
documentation for the new systems.

BlueGene/L is the world’s fastest supercomputer, according to the latest TOP500 list,
released June 22, 2005. BlueGene /L performed 136.8 teraflops, or trillion operations per
second.

The next 32,000 nodes of BlueGene /L are being delivered and will be built as a duplicate
of the existing BlueGene /L system. After this second system passes its acceptance test,
the two sections will be combined into the final system with all 65,000 nodes and a peak
of 380 teraflops.

LLNL took delivery of 108 nodes of Purple for an unclassified compute system. This
system was put into production a few weeks later. Both LLNL scientists and ASC
Alliance partners are running on it now. We took delivery of 252 nodes of Purple, a
Federation switch (256 ports), and 300 terabytes of global disk. This is one-sixth of
Purple. This 17-teraops compute system was put on the classified network.

The interface cluster for BlueGene/L and the archive HPSS was installed. Four new tape
robots were installed in the classified facility. The parallel file system for BlueGene/L is
being testing.

LANL Accomplishments for Facility Operations and User Support

The LANL stand-down began shortly into the review period. Throughout the stand-
down, Production Computing services continued to operate safely and securely in a
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degraded mode as an essential operation, in order to continue to provide computing
services as permitted to non-LANL customers and to ensure the health of all systems
and data. As the Laboratory developed new policies for the management of accountable
classified removable media, Production Computing worked with security personnel to
establish acceptable methodologies for the handling of classified media in volume in a
production environment. A complete wall-to-wall inventory of all computer center
machine rooms, vaults, vault-type rooms, and repositories was successfully conducted.
All production operations were converted to the new laboratory accountable classified
removable media libraries and management processes. Production Computing
operations completed a management self-assessment and was one of the first
organizations to resume normal classified computing operations at the Laboratory, in
order to provide classified computing services to the rest of the Laboratory as it resumed
classified operations.

In the first quarter of FY05, the level 2 milestone for ASC Lightning system general
availability was completed. This milestone was delayed one quarter, due to the impact
of the stand-down. The completion of the milestone signified the integration of several
new technologies into production for the purpose of running large-scale Linux clusters
in volume while meeting LANL standards for performance, reliability, and cost
efficiency.

A large installation of Panasas GPFS provides the 200 terabytes scratch file system for
Lightning. Through the course of the integration, a highly advantageous new
technology for the I/O data movement for large Linux clusters was deployed (Parallel,
Scalable BackBone, or PaScalBB), which provides high performance in data movement,
dramatically increases reliability by eliminating single points of failure, serves as an NFS
server for multiple systems, and has potential to scale to very large volumes, first on
unclassified systems and later on classified systems.

In addition, Lightning was the first classified cluster to make primary use of the Los
Alamos Message Passing Interface, enhancing performance and providing increased
reliability in message passing. This product will soon be replaced by OpenMPL.

Lightning was also the first classified cluster to make production use of the Science
Appliance systems software stack, including LinuxBIOs and the Bproc modifications to
the Linux kernel. This systems software provides dramatic improvements in the
manageability of very large clusters in volume, and provides a single process space
spanning the entire cluster.

As Lightning production operations spun up, the operations staff took on the role of
hardware engineers to provide hardware maintenance in a more cost effective manner
to these systems. Operations staff was trained and received A+ certification from Linux
Networx (LNXI) in order to assume this responsibility without voiding manufacturer’s
warranties. This enables LANL to avoid prohibitively high maintenance costs as volume
is scaled.

Lightning provides over 13 teraflops peak computing cycles to the weapons community,
and has been in production operation since December 2004. At the same time, the highly
successful Flash system, a 3-teraops replica of the Lightning technology, was
successfully deployed for unclassified weapons computing. The establishment of this
new Linux-based production cluster operation is highly significant in the ability of the
Weapons Complex to provide the volumes of capacity computing cycles required in a
cost effective manner, while still meeting the Program demands for performance,
reliability, and maintainability. As of the third quarter of FY05, procurement is well
under way for the delivery of approximately 25 teraflops of peak Lightning-like capacity

FY06-FY07 ASC Implementation Plan, Vol. 2 Page 11



systems, to be installed in summer, 2005, and a significant ramp-up is expected in 2006
to meet the program’s computing requirements.

The ASC Q machine continued to function as the main capacity system providing
capacity and capability computing to the tri-lab complex through FY05. By the third
quarter, all Alphaserver SC clusters at LANL will be upgraded to the Alphaserver SC
v.2.6 “Eagle” release of the operating system, providing performance improvements and
additional functionality. In addition to carrying a significant capacity load in FY05, the
ASC Q system was also used to run a capability 3D full-system weapons simulation for
much of the year. This simulation, still underway, is providing increased resolution and
additional physics capabilities for the evaluation of anomalies in weapons systems. In
March, ASC Q was used to complete the Verification and Validation program level 2
milestone for the W76 primary. The system is currently being prepared to carry the load
of the primary certification effort scheduled to ramp up this summer.

During the third quarter of FY05, the capital equipment project for expanding capacity
for distributing conditioned power to the machine room in the Nicolas C. Metropolis
Center for Modeling and Simulation (SCC) is nearing completion. This project, which is
the next step in a series of infrastructure upgrade projects, makes an additional 3.6 MW
of conditioned power available to computing systems in the primary classified
computing center at Los Alamos, bringing the total power available for systems in that
facility to 7.2 MW. The completion of this project prepares the center to support the
growth in computing capacity that is anticipated in FY06. By the end of FY05, a design
will also be completed for the next project to be undertaken in FY06, pending availability
of funding, to expand this power capacity in preparation for systems anticipated in
FY07. Preparations are also being made for upgrading the networking infrastructure in
FY06 in preparation for this growth; a request for proposal has been issued for 10 GigE
routers.

During FYO05, significant achievements were made in the LANL computing centers in
the management of machine and facility life cycles. The ASC Bluemountain 3-teraops
system was completely decommissioned by November 2005. SGI Origin2000
visualization servers from Bluemountain are still in operation, but have all been
consolidated in the computing facility. The classified storage silos were also
consolidated into the facility, and all classified storage operations except the Disaster
Recovery backup silos were moved into that facility. This work represents a significant
accomplishment in reducing the number of classified computing machine rooms that are
being managed at Los Alamos.

In the storage arena, an important upgrade was made on the HPSS archival storage
systems to HPSS v5.1. This new version has important system restructuring that
eliminates the previous reliance upon Transarc’s Encina transactional software,
replacing that with a standard DB2. This upgrade was essential to ensure continued
viability of supporting HPSS in production, and for improving the robustness and
reliability of the archive. A Remote Disaster Protection capability using HPSS has also
been implemented between LLNL and LANL. By the end of the FYO05, this capability
will be available for use in managing remote disaster protection needs for the two
laboratories.

Finally, FY05 saw the official formulation of the tri-lab Workload Characterization
Project. This project team is chartered to implement a tri-lab system in FY06 to deliver
quarterly data reports to the Federal ASC managers that will provide details on how
ASC machines are being used complex-wide to accomplish programmatic goals. These
reports will provide historical data that will assist the program in improving the fidelity
of computing resource requirements estimations for future projects, and help to increase
credibility of these predictions.
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SNL Accomplishments for Facility Operations and User Support

LANL and SNL installed a new OC-48 (2.5 gigabytes per second) link for high speed
ASC Wide Area Network connectivity in March 2005 when the new Qwest GeoMax
service contract went into effect. This new service replaces the previous OC-48 service at
two-thirds the yearly cost. In addition to a cost reduction, the new service provides
potential redundancy through alternate paths and offers the opportunity to add
additional services such as 10 gigabytes per second Ethernet at very low cost. The 10
gigabytes per second service was ordered with delivery scheduled for August 2005 and
will provide the first step in the migration of the ASC wide area network (WAN) from
ATM encryption technology to IP encryption technology. To support this new capability
and any future services, a new 144-fiber cable has been installed between the SNL
telephone building (829) and 880.

Two significant activities related to installation and integration of major platforms were
completed in FY05. The delivery of Red Storm began in the last week of FY04 and was
completed in the last week of January 2005. Hardware level checkout and software
integration was accomplished in phases during this time as the system took final shape
on the computing floor in Building 725 in Tech AreaI at Sandia’s Albuquerque location.
The Initial Operation level 2 milestone completed in March reflected contributions from
many elements of the ASC program and significant effort by the infrastructure and
facilities support organizations at Sandia.

The computing facility itself was designated a Vault Type Room in June 2005 in
preparation for classified operations. The system received a 90-day accreditation for
classified operation in June as well.

The success of the Institutional Computing Cluster (ICC) and Nuclear Weapons
Compute Cluster (NWCC) systems in providing capacity cycles for the ASC program
provided us the opportunity to retire the aging CPlant™ home-grown clusters.
Retirement and removal of this equipment paved the way for an additional large cluster
resource to be procured and integrated into Sandia’s infrastructure. The Thunderbird
cluster composed of 4096 compute nodes interconnected with Infiniband was delivered
and installed in the summer of 2005, following a significant renovation of the south end
of the main computing annex in Building 880. Additional power and cooling capacity
was added to Room 230 to accommodate the new cluster and to improve the basic
infrastructure support systems for that facility.

Also accomplished in FY04 and FY05 was the installation of two new HPSS systems
running Release 5.1. These systems are dedicated to the Data Service Cluster systems,
which support post processing and visualization needs of the Red Storm Capability
platform. The existing HPSS systems, which primarily support ASCI Red, will be
upgraded from Release 4.5 to Release 5.1 in preparation for FY06 upgrades to Release 6.2
for all HPSS systems.

There continues to be a significant presence of what we term “commercial platforms”
including two large memory SGI platforms and an HP AlphaServer system. The SGI
systems supply a large central memory (128GB and 256GB respectively) for use by
commercial codes which have not been converted to Massively Parallel Programming
models. The large central memory and fast file systems provided by the SGI systems
enable extremely large simulation meshes to be generated and visualized prior to being
spread across many hundreds or thousands of processors for simulation runs. The HP
system provides a code porting vehicle for applications codes destined for production
runs on LANL Q, as well as additional capacity for large memory per node problems.

User Support activities for Red Storm included the release of the Collaborative Learning,
Information and Knowledge web based tool which will provide the methodology for
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tracking issues, maintaining a knowledge base and providing an information search
capability for Red Storm and other tri-lab ASC platforms. In addition, the SARAPE web
based account request process was put into production, enabling tri-labs and NWC wide
requests for accounts to be processed on the web. This electronic system was patterned
after the original SecureNet paper based account request system.
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IV. Product Descriptions by the National Work
Breakdown Structure

WBS 1.5.4: Computational Systems and
Software Environment

This sub-program provides to the ASC users a stable, seamless computing environment
for all ASC deployed platforms, ranging from capability, capacity and advanced
systems. It is responsible for delivering and deploying the ASC computational systems
and user environment via technology development and integration at the Defense
Programs National Laboratories, in addition to industrial and academic partnerships.
The scope of the sub-program includes strategic planning, research, development,
procurement, maintenance, testing, integration and deployment, and quality and
reliability activities for all ASC computational systems and software environment.

WBS 1.5.4.1: Capability Systems

This level 4 product provides capability production platforms and integrated planning
for the overall system architecture commensurate with projected user workloads. The
scope of this product includes strategic planning, research, development, procurement,
hardware maintenance, testing, integration and deployment, and quality and reliability
activities, as well as industrial and academic collaborations. Projects and technologies
include strategic planning, performance modeling, benchmarking, and procurement and
integration coordination. This product also provides market research for future systems.

Capability Systems Deliverables for FY06

* Purple will be accepted and put into limited availability status for classified NNSA
computing.

* LANL product deliverables include planning, preparation, and startup of the project
to supply a capability system in the FY08 timeframe. A component of the planning is
to understand and document LANL user requirements, which together with
requirements from all laboratories, are drivers for the performance and sizing
specifications on the system.

* The specific SNL deliverable is to provide capability computing for the Nuclear
Weapons Program through the transition to production of the Red Storm computing
system in FY06. Red Storm will be a shared capability computing resource for the
NNSA tri-lab.

Strategy to Deliver Capability Systems for FY06-FY07

* Develop and acquire capability computing platforms designed to meet the needs of
the NNSA scientists and engineers.

* Partner closely with the vendor throughout the contract period from design and
build to acceptance and throughout the life of the system.
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* Actively partner with off-site labs to develop tri-lab platform strategies and aid in
the efforts at the other labs.

* Have tri-lab ASC Platform Strategy team continue to work together with Federal
ASC managers to determine system siting and other major considerations.

* Move the Red Storm system to Limited Availability operation at the end of FY05.

1.5.4.1.1 Purple (LLNL)

The Purple contract, a collaboration of the tri-lab community and IBM led by LLNL, will
deliver a 93-teraops capability to the SSP in 2005. Purple will be the premier NNSA
classified capability computer serving weapons scientists and engineers at all three
NNSA labs. This system is a near five-fold increase in scale for a single compute system
for NNSA. The major architectural components of Purple consist of a computational
cluster, a high performance network infrastructure, and a cluster-wide storage
subsystem. The heart of the ASC Purple cluster is IBM’s new pSeries POWERS5 based
SMPs. The pSeries POWER5-based symmetric multiprocessor is IBM's latest offering in
the scalable POWER parallel family of scalable, parallel computing solutions. The high-
performance network infrastructure is IBM’s Federation 4-gigabyte switch, an
evolutionary step in network data transfers using technology based on the proven
architecture of scalable POWER parallel Switch and scalable POWER parallel Switch2.
The cluster-wide storage subsystem is based on IBM’s GPFS parallel file system running
over 2-gigabytes-per-second Fibre Channel. Access to the storage system from outside
Purple will be accomplished using parallel file transfer protocol over 1- and 10-
gigabytes-per-second ethernet.

Purple is currently scheduled for delivery to LLNL in two portions. The first 256-node
piece was delivered and was accepted in the third quarter of FY05. The remaining
approximately 1280-node portion of Purple will be demonstrated in the fourth quarter of
FY05. The two systems will be combined by about the second quarter of FY06 and enter
limited availability status—selected users have access to the system—in the third quarter
FY06.

In the second quarter of FY07, Purple will enter general availability—any user with a
valid account can access the system. Purple is planned to have a five-year lifespan, with
the likely end of life in FY10.

1.5.4.1.2 Systems Requirements and Planning (LANL)

This project covers all aspects of planning for capability systems and strategic planning
for supporting infrastructure.

The main focus is to define the requirements and the potential system architecture of a
capability platform that meets programmatic requirements and drivers. The project will
draw upon the skill and experience of the Platforms Project Director’s office for planning
and project management.

Depending on the outcome of the ASC Platform Strategy, the FY06 focus will be on
defining the requirements for systems, performing market surveys of applicable
technologies, and planning procurement strategies that meets the needs of the program
and the laboratory. If necessary, a request for procurement for a capability platform can
also be delivered in FY06.

Along with a request for procurement, an early delivery system would be installed and
integrated for initial applications and systems testing in FY07.
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1.5.4.1.3 Q Maintenance Contract (LANL)

This project covers the Hewlett-Packard maintenance contract for the Q system.

The capabilities described here include Q system hardware /software support,
maintaining a spare parts inventory, system/application support, and maintenance of
third party software products.

The FY06 plan is to reduce the total cost of the Q system maintenance by reducing the
overall hardware and software support requirements and reducing the amount of on-
site analysts for the system. This will require a phased-in plan.

The maintenance support for the Q system will continue at a reduced cost in FY07.

1.5.4.1.4 Red Storm Capability Computing Platform (SNL)

Red Storm is a tightly coupled massively parallel processor with a little over 40 teraflops
of peak processing capability. The machine uses AMD Opteron processors and a
custom, very high performance 3D mesh communication network. Red Storm has a total
of nearly 11,000 Opteron micro-processors, Red Storm has over 30 terabytes of memory
and approximately 400 terabytes of high performance local disk that is split equally
between classified and unclassified use.

The Red Storm computer system was designed to provide for a relatively easy upgrade
path. The 3D mesh can be expanded to 32 K processors by simply adding additional
cabinets and communication cables. The Opteron processors are high volume
commodity parts that can be replaced with higher performance processors as simply as
in an upgrade to a PC. The memory is high volume commodity data rate dual inline
memory modules that could be increased to 8 gigabytes per processor with currently
available memory dual inline memory modules.

Red Storm has several unique features among which are its Reliability, Availability, and
Serviceability (RAS) system, its Red /Black switching capability, and its partitioned
system software functionality. In effect, Red Storm has a separate parallel computer
system to manage and monitor the main system. This system has its own network and
processors and its own operating system. All major components (including RAS system
components) in the system are monitored by the RAS system. All errors, recoverable and
non-recoverable, are logged by the RAS system.

Red Storm’s unique Red/Black switching capability makes it possible for the machine to
be used as both a classified and unclassified computing resource. The machine has
10,368 compute nodes that have from 2.0 to 4.0 gigabytes of dual data rate memory and
512 Service and I/ O nodes each with 6 gigabytes of dual data rate memory. (The
compute nodes in the normally classified section of Red Storm have 4.0 gigabytes of
memory, the compute nodes in the center section of Red Storm have 3.0 gigabytes of
memory, and the compute nodes in the normally unclassified section of Red Storm have
2.0 gigabytes of memory.) The 512 service and I/ O nodes are equally divided between
classified and unclassified use. Through the Red/Black switching capability the
compute nodes can be either all classified or all unclassified, approximately 25 percent
classified and approximately 75 percent unclassified, or approximately 75 percent
classified and approximately 25 percent unclassified.

Partitioning of the Red Storm system software functionality provides a full LINUX
operating system on the service and I/ O nodes and a light-weight kernel operating
system on the compute nodes. The light-weight kernel operating system provides a
substantial performance advantage on the compute nodes while the full LINUX
provides the full set of features that users expect to see on logging in. The LINUX
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operating system used on the service and I/O nodes is being enhanced to provide users
and system administrators a single system view.

During FY06, Red Storm will provide capability computing for nuclear weapons
applications. Red Storm has over 30 terabytes of memory and 10,368 compute processor
that are connected through a very high performance network which will make it
possible to run very large, complex, problems.

During FY06, Red Storm will transition from Limited Availability to full production use
as a capability computing resource for the ASC Program. It is expected that Red Storm
will be used to perform very important calculations for the SSP this year.

The Red Storm computer system was designed and constructed to allow for a processor
upgrade. Sandia intends to consider as part of its overall strategy for capability and
capacity computing an upgrade to Red Storm in late FY06 or early FY07.

Red Storm will be in full production throughout FY07.

WBS 1.5.4.2: Capacity Systems

This level 4 product provides capacity production platforms commensurate with
projected user workloads. The scope of this product includes planning, research,
development, procurement, hardware maintenance, testing, integration and
deployment, and quality and reliability activities, as well as industrial and academic
collaborations. Projects and technologies include the procurement and installation of
capacity platforms.

Capacity Systems Deliverables for FY06
* Linux clusters will be procured to meet NNSA capacity computing needs.

* InFYO06, the laboratories will continue to procure, install, and integrate capacity
compute systems on the Scalable Unit model to meet programmatic requirements for
resources into FY07 and beyond.

* The specific SNL deliverable is to provide capability computing for the Nuclear
Weapons Program through the transition to production of the Red Storm computing
system in FY06. Red Storm will be a shared capability computing resource for the
NNSA tri-lab.

Strategy to Deliver Capacity Systems for FY06-FY07

* Leverage the extensive experience fielding world class Linux clusters within the tri-
lab community.

- By deploying a common hardware environment multiple times at all three sites
over two years, it is anticipated that the time and cost associated with any one
cluster will be greatly reduced. In addition, it is anticipated that purchasing a
huge set of common hardware components will lead to lower cost through
volume purchases.

* Provide quick expansion with production-ready systems, while meeting
programmatic need for performance, capacity, and efficiency.

* Run Red Storm with typical minimum job-sizes of 3,000-4,000 processors (depending
upon the section size).

- This policy directive effectively establishes three classes of distributed memory
systems for running our MPI applications (not counting advanced architecture
systems): highest end capability platforms, mid-range capability platforms, and
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turn-key commodity clusters with vendor provided/supported software stacks
to help Sandia address its extensive 1-256 processor capacity production
workload and provide cost-effective systems.

* Focus capacity system procurements on addressing our need to fill the mid-range
capability gap with the expectation that the lower processor count workload will
backfill on these same platforms or use other SNL institutional turn-key systems.

1.5.4.2.1 Tri-Lab Linux Capacity Cluster (LLNL)

A contract will be placed for a large amount of capacity computing resources to be
delivered over the next two fiscal years. This tri-lab procurement will include options to
procure a specific number of scalable units each quarter of the FY06 and through the
third quarter of FY07 for a total of 32-64 scalable units over a total of seven quarters. The
procurement will include level 3 support.

This contract will provide a substantial increase in capacity compute resources for
NNSA at all three labs. These clusters will have a common architecture and will run
Linux as the operating system.

In FY06, LLNL will deliver, install, and integrate the Scalable Units assigned to LLNL.
We will ensure complete system delivery and ensure maintenance is included.

As part of the ASC platform strategy, additional Scalable Units will be delivered in FY07
to LLNL for capacity computing.

1.5.4.2.2 Capacity Systems Procurement (LANL)

Coordinate any and all issues with respect to the tri-lab capacity systems procurement.
This covers all system hardware and software defined in the capacity systems
procurement.

The capacity systems will provide computing cycles to the weapons program to meet
capacity computing requirements. The system will be delivered as several separate
Scalable Units that will be made available to the user community for production work.
The procurement should include the Scalable Units, the interconnect, file systems, and
the selected set of system software tools identified in the RFP.

In FY06, we will deliver and install the Scalable Units assigned to Los Alamos. Ensure
complete system delivery and ensure maintenance is included.

As part of the ASC platform strategy, additional Scalable Units will be delivered in FY07
to Los Alamos for capacity computing.

1.5.4.2.3 Capacity Systems Integration (LANL)

The focus in this area is to take the delivered Scalable Units and integrate them into the
Los Alamos computing environment for production work.

Completing the system integration defines the overall system environment delivered to
end users for running application codes. Once completed, users can compile and run
programs, use the system debugger, use the parallel file system, store files in archival
storage, and use the scheduling system to input work to the system, among other things.

In FY06, we will integrate all hardware and software components to deliver a system
environment to application users for programmatic work. Perform integrated quality
assurance testing to ensure production readiness of systems.

The same activities will be required for any new capacity systems delivered in FY07.
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1.5.4.2.4 Capacity System Procurement (SNL)

This project supports the planning to establish and manage request for proposals for
capacity system procurements. This project will support Sandia’s involvement in one or
more of the four capacity system strategic options described above.

This project will draw on the expertise established with Sandia’s institutional cluster
procurements as well as the technical foundation that was leveraged to establish and
foster a long-term collaboration with Dell and Intel for the Thunderbird cluster. The
pursuit of a Red Storm option for Mid-range capability solutions will of course leverage
considerations from Cray established by the 1.5.4.1 product.

In FY06, we will analyze the options for addressing Sandia’s mid-range capability gap.
Pursue the procurement option(s) that best address the strategic interests of Sandia and
the ASC program. Since the ASC program will be pursuing an explicit capacity system
platform strategy for FY06-07, this project will support capacity system procurements
that will help Sandia provide its user community with Mid-range Capability computing
resources to address problems in the regime of approximately 1,000 to approximately
4,000 processors.

FY07 will be the second year of the explicit ASC platform procurement cycle focused on
capacity systems. FY07 procurements may reflect continuation strategy established in
FY0e6.

1.5.4.2.5 Integration and Deployment of Scalability and Performance
Enhancements that Allow Capacity Systems to Address Mid-Range
Capability Problems (SNL)

Integration and Deployment of relevant capabilities from the Technology Development
for Capability and Capacity Systems (SNL) project, and other sources, for example, the
CSRFs project, MICS / OSCR projects, or LDRD projects. Example capabilities include,
OpenlB, OpenMP]I, Cheshire runtime, RAS subsystem, Open Catamount, and Lite
Linux. The decision to “promote” these technology developments to the “production”
software environment will be based on a systematic evaluation of the quantitative
benefits to both Application and RAS performance. A formal process for test and
evaluation will be used to demonstrate performance improvements at scale through
dedicated system time. The demonstrated benefit should be shown from comparison to
baseline performance provided by Reliability, Availability, and Serviceability
Performance Metrics project.

This project provides focus on the decision point for when/how ASC technology
developments are ready for integration into the production software environment.

In FYO06, this project will support the test and evaluation of technical capabilities that are
specifically targeted at improving the scalability and reliability of the Thunderbird
cluster over the baseline performance of the Dell/Intel / Topspin commodity software
stack. Capabilities that do not have a clear benefit will go back to the Application
Performance Metrics project for further development. This project will also support the
evaluation of tri-lab system software stacks that are proposed for deployment on the
TLCC. This product is expected to integrate technical capabilities that will allow
commodity clusters to scale up to 500-4,000 processor jobs.

In the FY07 timeframe, we expect to be ready to test and evaluate RAS sub-system
capabilities developed in the Technology Development for Capability and Capacity
Systems (SNL) project for large-scale capacity systems. Of course, the measurement of
RAS performance metrics by the Development of Tools to Collect Standardized RAS
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Metrics and Control Red Storm's Capability Usage Performance (SNL) project will be
used to guide the determination of whether or not this capability would be ready for
deployment into the production environment.

1.5.4.2.6 Application Performance and Reliability, Availability, and
Serviceability Performance Metrics (SNL)

This project has two parts: the measurement and collection of standardized application
performance metrics, and the measurement and collection of standardized RAS metrics
for all our capacity systems. There should be a corresponding project under the
capability systems product.

The Application Performance metrics portion of this project will provide the ability to
assess machines that are being considered for purchase by Sandia, and will allow staff to
determine the performance affects caused by system changes. This will be accomplished
by monitoring how much different applications utilize the systems, using this
information to develop a benchmark suite, and developing a database of benchmark
results. The application benchmarks will be complemented with standard micro-
benchmarks.

In FY06, we will begin monitoring application usage; establish a suite of application
benchmarks starting with the ASC Red Storm 7X benchmarks, and selected micro-
benchmarks; and establish preliminary benchmark suite and results for existing SNL
capacity systems. Preliminary planned activities in FY07 include refining the application
benchmark suite. We expect to add capabilities for automatic data collection, display
and comparisons that will be developed by the ASC Programming Tools Project (SNL).

The RAS metrics portion of this project will provide the ability to establish baseline
reliability performance for all our ASC capacity systems. A corresponding project will be
used to collect similar RAS performance metrics for our capability systems. These long-
term measurements will be used to assess the return on investment for future
improvements in capacity system capabilities that may be considered, for example, RAS
subsystem evaluation or various options for integrating fault tolerance.

In FY06, we will measure standardized RAS metrics on all our ASC capacity systems:
Thunderbird Cluster, Red Squall. There may be interest in collecting RAS metrics on our
institutional clusters as well, such as ICC, NWCC, Renegade/Rogue. We will establish
baseline RAS performance for Sandia HPC resources. If there is interest at LANL and
LLNL, we will establish collaborations to spread the adoption and collection of
standardized RAS metrics. If they are not ready in FY06, by FY07 we expect to begin
using standardized RAS metric collection tools developed in project Development of
Tools to Collect Standardized RAS Metrics and Control Red Storm's Capability Usage
Performance (SNL).

WBS 1.5.4.3: Advanced Systems

This level 4 product provides advanced architectures in response to programmatic,
computing needs. The scope of this product includes strategic planning, research,
development, procurement, testing, integration and deployment, as well as industrial
and academic collaborations. Projects and technologies include strategic planning,
performance modeling, benchmarking, and procurement and integration coordination.
This product also provides market research, and the investigation of advanced
architectural concepts and hardware (including node interconnects and machine area
networks) via prototype development, deployment and testbed activities. Also included
in this product are cost-effective computers designed to achieve extreme speeds in
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addressing specific, stockpile-relevant issues through development of enhanced
performance codes especially suited to run on the systems.

Advanced Systems Deliverables for FY06

* IBM will continue to support the BlueGene/L system for classified NNSA
computing.

* Sandia will create a test bed to analyze and assess the performance of Processor-In-
Memory architectures on several important applications.

* BlueGene/L will deliver nearly ten times the peak compute speed, in one-fifth the
area, using a fraction of the electrical power of the largest supercomputers.

Strategy to Deliver Advanced Systems for FY06-FY07
* Partner with the National Security Agency (NSA) and IBM.

1.5.4.3.1 BlueGene (LLNL)

The Purple contract with IBM includes delivery and support of BlueGene /L, a next-
generation massively parallel computing system designed to run a specific set of
calculations for NNSA.

BlueGene/L is a scalable architecture in which the computational power of the machine
can be expanded by adding more building blocks without introduction of bottlenecks as
the machine scales up. BlueGene /L offers a theoretical peak computational rate of

360 teraflops per second through extreme scalability. With more than 65,536 dual
processor nodes and 32 terabytes of total memory (16 x 240 bytes or 512 megabytes
memory per node), BlueGene /L is expected to be the fastest supercomputer in the world
when it becomes operational in 2005. To achieve this dramatic scale, BlueGene/L has
three main communications networks: a 3D torus for nearest neighbor calculations on
grids; a global tree network for broadcasts and reduction operations; and a barrier
network for synchronizing the complex algorithms in scientific calculation envisioned
for the machine.

In FY05, the BlueGene /L system will have been accepted and released for early science
runs. In FY06 IBM will support the system at an acceptable level of stability and
reliability. LLNL will collaborate with IBM in their support activities helping to identify
and resolve issues, and will continue to work with IBM in the specifics of designing
BlueGene/P, the next generation of the BlueGene system.

In FY07, we will continue on-going support of the BlueGene projects (BlueGene /L and
BlueGene/P).

1.5.4.3.2 Cyclops Processor-in-Memory Supercomputer (SNL)

Cyclops is an advanced architecture supercomputer under development by IBM with
funding from the NSA. Cyclops uses a Processor-In-Memory design that offers 1-2
orders of magnitude improved performance/ cost ratio of over conventional
microprocessor-based approaches. Cyclops is projected to be available in 4QCY05 at a
cost of $15-$25M / petaflops. Basic analysis of Cyclops’ architecture suggests it should
offer this improvement for about half of Sandia’s workload in both the 2005 and 2010
timeframes. The aim of this project is to acquire two racks of Cyclops hardware (30
Teraflops) and use it to run two Direct Simulation Monte Carlo (DSMC) applications.

This project would serve three purposes:
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* Improved efficiency of neutron generator engineering. The neutron generator project
reports an immediate need to shift from 2D to 3D DSMC simulations. This project
would supply the computing platform.

* Demonstrate immediate ability of petaflops computing. DSMC for
microelectromechanical systems (MEMS) design is an identified driver of petaflops
acquisitions proposed for 2010. We will demonstrate the application on an affordable
petaflops platform available in 2005.

* Demonstrating the viability of advanced architectures in the ASC context may
motivate other groups to use Cyclops by shifting load from more expensive
clusters /MPPs. This would both save money for supercomputer hardware and
permit more effective deliverables based on simulation.

The Processor-In-Memory architecture approach has advantages on highly compute-
intensive applications. The overall Cyclops architecture has remarkable similarities to
Red Storm, including the 3D mesh, link bandwidth, memory per node, etc. However, a
Cyclops node comprises 80 floating-point processors with 80 gigaflops peak throughput
(20 x the 4 gigaflops of each Red Storm node). This makes Cyclops appropriate for
applications that can effectively use dramatically more compute power per unit of
memory.

Planned activities in FY06 include acquiring two racks of Cyclops hardware. Cyclops is
an IBM research project funded by NSA. The terms of NSA’s investment in this project
require that the intellectual property be available to Government users. Sandia has been
invited to participate in this project by attending reviews, sharing software, and
acquiring hardware on the same terms as NSA. Cyclops is not an IBM product, so the
procedure is to place several orders for parts and have the IBM Central Scientific
Services organization assemble the system; this organization does not charge profit for
government customers. Some systems software development will be required.
Specifically, NSA has contracted with a startup for an operating system sufficient for
NSA’s needs. The terms of NSA’s contract permit Sandia to have access to this software.
However, DOE applications use different operating system services. A minimal set of
these will need to be developed.

We will also port and/ or develop two DSMC applications. Both neutron generator and
MEMS engineering use of DSMC through the Icarus program. However, both groups
agree that the current 2D Icarus needs to be rewritten to become 3D. The necessary 3D
Icarus (which would presumably have a different name) will appropriate be written
from scratch.

In FY07, without a follow-on project, the two-rack Cyclops purchased in FY06 is turned
over to the neutron generator and MEMS groups. These groups would have 30 Teraflops
to use until obsolescence for the cost of upkeep, increasing their engineering efficiency
through greater use of simulation while simultaneously offloading more expensive
supercomputers. In a proposed follow-on project, these and other groups see Cyclops as
an option for increasing their use of simulation at the same or lower cost. These groups
would purchase additional Cyclops hardware.

1.5.4.3.3 Supercomputer Network Development to Enable Petaflops
Scale Capability Machines (SNL)

This project proposes to develop the network infrastructure that will be required for the
next generation of capability supercomputers. The performance goals are aggressive:
30 gigabytes per second of bandwidth, 500 ns of MPI latency, and over 10 million
messages per second of MPI message throughput. Message throughput is a network
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characteristic that industry has shown little concern for, but it is critical for getting
"usable bandwidth" from the network when applications use short messages. While
message throughput is the most aggressive of the goals, it is unlikely that industry will
achieve any of these goals in this time frame.

The proposed work is to create both the network interface and router chips to reach
these levels of network performance. The overall project will include specifying the
architecture for both of these chips as well as designing the two ASICs (network
interface and router) that will be required to implement the network. The final year will
include the fabrication of both chips to be ready to provide to a vendor. It is expected
that a vendor partner would be engaged to build a system around these network chips.

The goal of this project is to provide network capabilities that will enable the creation of
petaflops scale capability computers from commodity processors. It will deliver 30
gigabytes per second of bandwidth per direction per processor socket with 500 ns of
latency through MPI and MPI message throughputs in excess of 10 million messages per
second. This will enable petaflops scale capability systems to be built from well
understood commodity processors at a scale that is well understood. This is in contrast
with other approaches which propose higher risk specialized processors or extremely
high degrees of parallelism.

Activities for FY06 will include specification of the network interface architecture and
router requirements and development of the initial VHDL or Verilog code.

Preliminary planned activities in FY07 include completion of all VHDL / Verilog code
and beginning of verification. We expect 50 percent verification completion by the end
of the year.

1.5.4.3.4 Next Generation Capability System Development (SNL)

This project will involve the development of a next generation system architecture
designed to scale to petaflops capability computing. The architecture will provide the
balanced performance that is needed to support the complex physics and engineering
codes that are the major application codes of the ASC program.

For large capability computer systems the overall system performance is primarily
determined by the degree of parallel efficiency achieved. Parallel efficiency depends to a
large extent on the system communication network performance. Communication
network performance is primarily characterized by message throughput for small
messages and by delivered bandwidth for medium to large messages.

Moving to petaflops scale computing also implies increasing the number of processors
to the range of 50,000 to 100,000. Achieving good scalability of our mainline ASC
application to this number of processors will be very challenging.

This work will produce a computer system architecture for a petaflops Capability
Computer System.

In FY06, work for this project will be focused on the specification for the
communications network design.

In FY07, the project wi